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methylamyl, 1-ethyl butyl, 1,2,2-tfimethyl propyl, 3,3-dimethyl butyl, 1,1,2-trimethyl 
propyl, 2-methyl amyl, 1,1-dimethyl butyl, 1-ethyl 2-methyl propyl, 1,3-dimetbyi butyl, 
isohexyl, 3-methylamyl, 1,2-dimethyl butyl, 1-methyl 1-ethyl propyl, 2-ethyl butyl, 
normal heptyl, 1,1,2,3-tetramethyl propyl, 1,2-dimethyl 1-ethyl propyl, 1,1,2-trimeihyl 

5 butyl, 1-isopropyl 2-methyl propyl, 1-methyl 2-ethyl butyl, 1,1-diethyl propyl, 2- 
methyl hexyl, 1,1-dimethyl amyl, 1-isopropyl butyl, 1-ethyl 3-methyl butyl, 1,4-di- 
methyl amyl, isoheptyl, 1-methyt 1-ethyl butyl, 1-ethyl 2-methyl butyl, 1-methyl hexyl, 
1-propyl butyl, normal octyl, 1-methyl heptyl, 1,1-diethyl 2-methyl propyl, 1,1,3,3- 
tetramethyl butyl, 1,1-diethyl butyl, 1,1-dimethyl hexyl, 1-methyl 1-ethyl amyl, 1- 

10 methyl 1-propyl butyl, 2-ethyl hexyl, 6-methyi heptyl (isooctyl), normal nonyl, 1- 
methyl octyl, 1-cthyl heptyl, 1,1-dimethyl heptyl, 1-ethyl 1-propyl butyl, 1,1-diethyl 
3-methyl butyl, diisobutyl methyl, 3,5,5-trimethyl hexyl, 3,5-dimethyl heptyl, normal 
decyi, 1-propyl heptyl, 1,1-diethyl hexyl, 1,1-dipropyl butyl, 2-isopropyl 5-methyl 
hexyl and C„— C l8 alkyl groups. Also included are aralkyl groups, e.g. benzyl, alpha- 

15 or beta-phcnylethyl, and alpha-alpha dimethyl benzyl groups. Also included are cyclo- 



where Hal refers to a halogen, m is less than or equal to 2n+l and n may have any 
value from 0 to 18, and R 6 and R 7 can be hydrogen, halogen or alkyl radicals. Pre- 
ferred radicals are those where Hal is fluoro and include those represented by the 
25 following formulae: 




can be represented by the structure: 
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Other suitable fluorine-containing radicals include fluorinated alkoxyalkyl radicals 
pauicularly those represented by the following formulae: 
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where R s and R r liave their aforedescribed significance. 

The hydrogen and the fluorine in the previously described haloaikyl radicals can 
be replaced by other halogens, such as chlorine or bromine. 

Typical examples of aryl and substituted aryl radicals are phenyl; alkoxylatcd 
phenyl; lower alkyl substituted phenyl; phenyl cresyl and xylyl in which the available 
hydrogen on the phenyl or substituted phenyl is partially or totally replaced by a 
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halogen, o-, nt- and p-trifluoromcthylphcnyl, <h, m- and p-2,2,2-trifIiK>rocthylph:nyl, 
o-, m- am* p-3,3,3-trifluoropropylphenyl and o-, /«-, and p-4,4,4-trifluorobutylphenyl. 
Also illustrative arc isopropylphcnyl, butylphenyl, alpha-alkylbenzylphenyl and alpha, 
alpha-dialkylbenzylphenyl, e.g. alpha-methylbcnzylphenyl, alpha, alpha dimethylbenzyl 

5 phenyl. , • ■ t 

The preferred basestocks for the present invention arc:., the malkyl phosphates 
wherein the alkyl group has from 4 to 20 carbon atoms; the triaryl phosphates wherein 
the aryl group is phenyl, cresyl, xylyl, isopropylphenjl and/or a/pAa-methylbenzyl, 
mixed alkyl aryl phosphates, i.e. aryl dialkyl phosphates and alkyl diaryl phosphates, 

10 wherein the alkvl groups have from 4 to 8 carbons and the aryl groups arc phenyl, 
cresyl, xylyl, isopropylphcnyl and alpha-mcthylbenzyl phenyl. The particularly pre- 
ferred phosphates for the present invention arc: tributyl phosphate; trihexyl phosphate; 
tris(n-butyl) phosphate; tri(2-ethylhexyl) phosphate, tridecyl phosphate, tricresyl phos- 
phate, trixvlyl phosphate, cresyl phenyl phosphate, xylyl cresyl phosphate, xylyl phenyl 

15 phosphate/ isopropyi phenyl phenyl phosphate, alpha-methylbenzyl phenyl phosphate, 
diisopropylphenyl phenyl phosphate, biphenyl phenyl phosphates and mixtures thereof. 
The mixed aryl esters named above are intended to cover the complex mixtures of 
these phosphates having different ratios of the particular aryl groups named. Thus, 
isopropylphenyl phenyl phosphate is intended to cover the reaction product of phos- 

20 phorus oxychloridc and a mixture of phenol and isopropylphcnol in any weight ratio of 
the phenols. This product will be a mixture of triphenyl phosphate, triisopropyl phenyl 
phosphate, phenyl bis(isopropylphenyl) phosphate and isopropylphenyl diphenyl 
phosphate. 

The fluids of the invention contain a hydrogen phosphate ester. The term 
25 hydrogen phosphate ester includes both the dialkyl hydrogen phosphates and the alkyl 
dihydrogen phosphates, and the amine salts thereof. These compounds correspond to 
the formula: 

O OA 

11/ ■ 
R.O-P 

N 

OA' 

wherein R 8 is a Q to 20 alkyl group, A is hydrogen, a C l to 20 alkyl group, a hetcro- 
30 cyclic amine group or an amine cation of the formula 
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wherein R', R" and R'" are the same or different and are each a Q to 30 alkyl or aryl 
group or hydrogen; and A' is A or a C, to 20 alkyl group. These compounds are well 
known in the art and are commercially available as mixtures of both the; alkyl di- 
hydrogen phosphates and the dialkyl hydrogen phosphates or salts thereof, illustrative 
of these materials, are the following ; dodccyl hydrogen phosphate, methyl isostearyl 
hydrogen phosphate, tridecyl dihydrogen phosphate, p-cresyl isostearyl hydrogen phos- 
phate/ the* amine salts thereof, and mixtures thereof. 

A particularly preferred alky! hydrogen phosphate for use in the present invention 
is a mixed dodecyl acid phosphate sold under the trademark "ORTHOLEUM" 162 by 
E. I. du Pont de Nemours, Inc. of Wilmington, Delaware. This alkyl hydrogen phos- 
phate mixture has the properties listed in Table I. * 



TABLE 

Specific Gravity, 60 F/d0 F 

Pounds per Gallon at 60 F 

Color, ASTM 

Acid Number, mg KOH/g 

Phosphorus^ wt. % 

Sulfur, wt. % 

Viscosity: 



0.98 
8.17 

L1.0 

270 
10.1 
0.0 
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Temperature. F 
''[00 
2 i 0 

Y ; ;ecsky Index; 
Pour Point, F 
Freezing Pchu, F 

Flash Point, F Cleveland Open Cup 
Fire Point, F Cleveland Open Cup 
I ) e -;o ni po s i t i o n '1 ' e m pe r; t t v: re F 



mis 
3S0 



c? 

' 81 
11.6 
j 30 

Below 0 
53 
320 
360 " 
355 



'[ he other essentia! ingredient in the antioxidant cf ihe present invention h; a 
hindered' phenol. The term hindered phenol as u\ed herein means those substituted 
phenols having at iea?c one alky! group of from 3 to 8 carbon 



■toms attached to the 

nhcrivi ring in portion adjacent lo the hydroxy! group, v^'hile any of the well known 
hindered phenolic antioxidant can be used in the present invention, it has been found 
:o re particularly advantageous to use an nlkyiene-linked hindered bisphcnol. The tenn 
alke'ene-linked hindered bi5nhe::el is meant to designee chose compounds having the 



formula corresponding to: 
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wherein R, R M) arc the same or different and arc branch-chained aikyl groups having 

from .3 to 8 carbon atoms; R M and R, 2 are the same or different and are hydrogen or 20 

C, to 8 aikyl; and each of the hydroxy!. groups arc located adjacent to at least one of 

the branch-chained aikyl groups. As stated above these compounds are well known in 

the art. Of the preferred aikyl cue- linked hindered bisphenols for the present invention 

those wherein R ; , and are hydrogen, i.e. the methylenc-iiitkcd hindered bisphenols, 

have been found to be most useful and those in which R y and R 1( , are C n to 5 aikyl 2!> 

groups are particularly preferred. The compounds can be illustrated by the followine : 

4 ,4 '-methylene bis(2 3 6 di-t- butyl phenol); 

4,4 '-methylene bis(2,6 di-t-amyl phenol); 

4,4'-meLhyJenc bis(2,6 di-isopropyi phenol); 

2 2 '-methylene bi s( 3 -t- butyl- 6-1 so propyl phenol); 30 
4.4 '-methylene bi s(3 - 1- butyl- 6- isop ropy] phenol); 
Z^'-methvIcne bisO-4-di-t-burvi phenol^: 
and mixtures thereof. 

1 nc antioxidant combination of the present invention is present in an amount 
sufficient to stabilise the hose stock -a gainst oxidative degradation. For most uses, the 35 
amount of hindered phenol will be from 0.1 to 11% by" weight of the basest ock and 
preferably from 0.5 to 2.0%. The hydrogen phosphate ester or amine salt is present in 
amourm; from 0.005 to 3% by weight of the basesiock, and preferably from 0,01 to 
0.1%,. I: is understood That for purposes of transportation and storage, a concentrate 
of ba.vcsto:k and the antioxidant combination can be formulated such tiiac the con- 
ccn:ratc can be diluted with more bascstock prior to use in order to bring the conccn- 
t ration or the antioxidant combination within the desired ranaes. For example, a con- 
centrate of basesLock confining 10% by weight of alkylcne-Jinktvi hindered bisrmenol 
and 0.5% hydrogen phosphate ester or amine wit can be prepared and later diluted 
'.villi 9 parts of base slock per part of concentrate to bring "the" antioxidant concentra- <-5 
t;-«n down to 1% and 0.05% respectively. 
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me present invention can additionally contain any of the well known 
ashless dispersanis o! the aikoKyhied a/kyi phenol tvpe; metal 
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such as in compressors, hydraulic lifts, deck edge elevators, aircraft hydraulic systems, 
brake systems, basic oxygen furnaces, die casting equipment, levelling devices, servo 
control units, and mining equipment, and as steam turbine lubricants. 

The invention will be further illustrated by the following non-limiting examples. 

5 EXAMPLE I 5 

A xylyl cresyl phosphate base stock wherein the sylyl and cresyl groups are present 
in an approximately 4: 1 weight ratio, having a viscosity of approximately 220 Saybolt 
Universal seconds at 100°F, is blended with 1.0% by weight of 4,4'-methylene bis- 
(2,6-di-t-butyIphenol) to yield Fluid A. A second portion of the same base stock is 

10 blended as above and further contains 0.05% by weight of a commercially available io 
mixture of dodccyl hydrogen phosphates sold under the trademark "ORTHOLEUM" 
162 by I. E. 'du Point de Nemours to yield Fluid B. The two fluids described above, 
along with the phosphate base stock alone are tested according to modiftcd oxidation 
stability tests, Fed. Test Method Std. No. 791a, Method 5308.4 and corrosion tests, 

15 . ASTM D665 — 60. The results of these tests are contained in Table II. 15 

TABLE II 

Bascstock Fluid A Fluid B 

Viscosity at 100°F. SUS 226 237 240 

Acid Number, MgKOH/g 0.11 0.14 0.31 

20 Oxidation Stability 20 
72* Hour. 347°F., Airflow=5 1/hr 

Viscosity after test, SUS 400 302 270 

Percent Increase in Viscosity 77 27 13 

Acid Number After Test 9.8 4.0 2.3 

25 Attack on Metals specimens, 25 
g loss 

Mg -0.054 -0.023 -0.054 

Steel —0,016 -0.016 —0.062 

Al -0.085 -0.100 -0.069 

30 Ag -0.185 -0.138 -0.123 30 

Cu -0.762 -0.569 + 0.400 

Hydrolytic Stability 

200°F. 48 Hour 

Acid content of Water Laycr-mgKOH 2.7 3.3 10.4 

35 Copper Loss, mg/crn 1 0.069 0.008 0.15 35 

Copper Appearance Pass Pass Pass 

The results contained in Table II clearly demonstrate the superior oxidative 
stability of the present invention. The increase in oxidative stability of Fluid B over 
Fluid A is clearly unexpected since hydrogen phosphates have not heretofore been 
40 recognized as antioxidants in any fluids, much less the phosphate fluids of the present 40 
invention. These results are also unexpected since phosphate fluids containing similar 
levels of hydrogen phosphates alone do hot exhibit any substantial increase in oxidative 
stability. 

EXAMPLE II 

45 Fluid C is formulated in the same manner as Fluid B except that 0.01% by weight 45 

of ORTHOLEUM is employed. This fluid is tested in duplicate in the same manner 
as Example I and the results are listed in Table III. 

TABLE III 

Fluid C 

50 Run No. 1 Run No. 2 50 

Percent change in viscosity Test 
Acid No. Before Test (MgKOH/g) 
Acid No. After Test (MgKOH/g) 
Metal v/eight changes, mg/cnr 
55 Mg -0,038 -0.054 55 

Steel 
Al 

Cu 

60 As is .evident from Table III, even when the amount of hydrogen phosphate is 60 
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reduced to one fifth of that used in Fluid B, substantial increases in oxidative stability 
are achieved. 

EXAMPLE HI 

A crcsyl xylyl phenyl phosphate having the cresyl, xylyl and phenyl groups in 
approximately a 4:1:1 weight ratio, having a viscosity of 150 SUS at 100°F., is 
blended with 1.0% by weight of 4,4-methylene bis(2-6-di-t-butyl phenyl) and 0.05% 
by weight of "ORTHOLE'UM" 162. This fluid possesses significantly higher oxidative 
stability than the base stock along and passes the rust test, ASTM DS95, in both 
distilled and synthetic sea water. 

WHAT WE CLAIM IS; — 
1. A fluid comprising: 

(a) a. phosphate base stock having the formula: 



R — (Y) a — P — (Y,) t: — R, 

i 

R: 



wherein Y is oxygen, sulfur or 



Y, is oxygen sulfur or 
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Y- is oxygen, sulfur or 



— N— 





20 R, R,, R 2 , Rj, R 4 , and R, are each an alkyl, aryl, substituted aryl or substituted alkyl; 20 
and a, b and c are each 0 or 1 and the sum a+b+c is from 1 to 3; and 

(b) an oxidative stabilising amount of an anti-oxidant combination of a hydrogen 
phosphate ester or amine salt thereof, and a hindered phenol (as herein defined), the 
said hydrogen phosphate ester or amine salt thereof having the formula: 

O OA 

II / ' ■ * 

25 R.O— P 25 

N OA' 

wherein R, is a C,. :o aikyi group; A is hydrogen, C,. !0 aikyi, a heterocyclic amine 
group or an amine cation of the formula : 



..I 



*1 + 






wherein R', R" and R'" are each hydrogen or r.ikyi; and A'' is A or a C Wo aikyi 
30 group. 

2. A fluid according to claim 1 v/hich contains from 0.005 to 3,0% } b T ' weight of 
the entire fluid, of said hydrogen phosphate ester or amine sait thereof/and from 0.1 to 
H%> by weight of the entire fluid, or said hindered phenol. 
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3. A fluid according to claim 1 or 2 wherein the hindered phenol is an alfcv'e-e 
linked hindered bisphcnol having the formula: ' 



10 



fin 




wherein R a and R l0 arc each branched chain alkyl groups having from 3 to S carbnn 
atoms and R n ana R.,. arc each hydrogen or C, to C, alky!, and each of th^ hvdrov'i 
groups are located adjacent to at least one of the branched chain alkyl groups' ' 

4. A fluid according to ciuim 3 wherein R,, sr;d R r2 are both hvdrogen. 

5. A fluid according to claim 3 wherein said aikylcnc linked hindered bisohc^oi is 
4,4 '-methylene bis(2,6-di-t-buiy]phenol). 

6. A fluid according to claim 2, 3, 4 or 5 wherein the hydrogen phosphate esie: 
is a mixture of dodccyl hydrogen phosphates. 

7. A fluid according to claim 2, 3 3 4 or 5 wherein R 3 R, and R.. arc each a phenyl, 
crcsyl, xylyl, isopropylphenyl, biphenylyl or <r-mcihylbcnzylphcnyf group. 

8. A fluid according to claim 1 substantially as herein described in snv of the 
Examples. 

9. A fluid according to claim 1 wherein the phosphate base stock and/or the 
hydrogen phosphate ester and/or the hindered phenol is specifically hereinbefore 
named. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303—306 High Holborn, 
London, W.C.I. 
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